A new method for the rapid genotyping of low density lipoprotein receptor knockout mice is described. This method using a polymerase chain reaction (PCR) technique may be performed on small tissue biopsies, and represents a significant advantage in time over conventional genotyping by Southern blot analyses.
The engineering of low density lipoprotein (LOL) receptor negative [LOL-R( -/ -)] mice has provided an invaluable tool for the study of the human disease familial hypercholesterolaemia (FH) (Goldstein &. Brown 1989) . These mice were developed in Dallas using targeted disruption of the normal LOL receptor gene by homologous recombination in murine embryonic stem cells and insertion of the neo gene into exon 4 of the mouse LOL receptor gene (Ishibashi et al. 1993) . The observation of characteristic xanthomas and atherosclerotic lesions in these mice after fat feeding confirms their utility as a new animal model for FH (Ishibashi et ai. 1994) .
The knockout mice are now widely available and their use in genetic studies has necessitated the development of efficient genotyping techniques. Here, we present a multiplex polymerase chain reaction (PCR) technique that provides for rapid, simple and accurate genotyping of these mice. 
Materials and methods

Animals
All stock animals were purchased from the Jackson Laboratory (Bar Harbor, ME). The experiments were performed with the F2 or F3 generation descendants, derived from the original stem cell clones, which were hybrids between C57BL/6J and 129Sv strains. Ear punch and tail biopsies were collected at the time of weaning when the animals were 6 weeks old. All mice were maintained on 12 h dark-12 h light cycles and were allowed access to food and water ad libitum. Animals were maintained on normal mouse diet (Teklad 4% Mouse/Rat Diet 7001 from Harlan Teklad Premier Laboratory Diets, Madison, WI).
DNA preparation
Murine DNA for genotype analysis is traditionally obtained from proteinase K tissue digests of 2 cm tail biopsy specimens (Gordon 1993) . This technique was used in the present study. In addition, because the peR method requires only very small amounts of DNA we were also able to use the DNA preparation techniques described by Chen & Evans (1990) whereby small tissue disks, approximately 1 mm in diameter, obtained when mice are identified by ear-punching, are used as sources of DNA. This technique has the advantage that no DNA extraction procedure is required, thereby reducing the entire genotyping procedure to a single working day. PCR reactions were performed on template DNA either prepared traditionally or from ear punch specimens using the same protocol.
peR technique Total genomic DNA was extracted from mouse tail (Gordon 1993) or ear-punch biopsy specimens (Chen & Evans 1990 ) and diluted to a concentration of 0.1 mg/ml in Tris-ethy lenediaminetetra -acetic acid (EDTA) buffer (lOmM Tris-HCl, 1 mM Na2EDTA, pH 8.0).
A set of 4 primers were designed: 2 in exon 4 of the normal LDL receptor gene A total of 0.5 fLg of genomic DNA was combined with 350 ng of each oligonucleotide primer, 50 mM KCl, 15mM MgCI 2 and 10 roM Tris-HCl, pH 8.0, 0.1 mM of each dNTP ldATP, dCTP, dGTP, dTTP) and 0.5 fLlTaq polymerase at 5 UIJLl(Pharmacia, Piscataway, NJl in a total volume of 50 fLl. The mixture was overlayered with mineral oil prior to being subjected to 30 cycles of amplification {96°C for 1min and 68°C for 5 min}, with an automated DNA thermal cycler (Perkin Elmer Cetus, Norwalk, CTI after an initialS min incubation at 95°C.
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A 10141 aliquot of the reaction mixture was combined with sucrose dye [60% (w/vl sucrose, 0.2% (w/v) bromophenol blue, 0.2% [wIv) xylene cyanol, and 50mM Na2EDTA] and subjected to sizefractionation on a 2% (w/v) agarose gel [ultra-pure DNA grade agarose (Bio-Rad Laboratories, Hercules, CAl] in TBE buffer {0.05M Trizma base, 0.05 M boric acid, 1 mM Na2EDTAI and 0.5 JLg/ml ethidium bromide, at a constant 100 V for 45 min at room temperature using Bio-Rad (Hercules, CAl horizontal gel electrophoresis apparatus. The DNA bands were visualized by ultraviolet transillumination. Figure 1 shows an example of the results obtained by this method. A 383 bp amplification product is obtained from the normal LDL receptor allele while a 200 bp product is obtained from the disrupted allele.
Results and Discussion
To confirm the accuracy of the PCR method fifty mice (10 + I +, 30 + I -, and 10 -I -I were genotyped by conventional Southern blot analysis as described elsewhere (Ishibashi et al. 1993 ) and the same genomic DNA prepared from tail biopsy specimens was used as template DNA for the PCR technique. mice, the assigned genotypes by both methods were in accord. In addition, a group of 25 mice with genotypes defined on the basis of pedigree were selected i.e. wild type mice (C57BL/6J), obligate heterozygous knockout mice [offspring of homozygous knockout x wild type mating) or obligate homozygous knockout mice (offspring of homozygous knockout x homozygous knockout mating). These mice were genotyped by PCR analysis and again in every mouse the PCR genotypes matched those assigned by pedigree. In the case of the LDL receptor knockout mice, where a nea gene has been inserted ta disrupt a key exon, a simpler PCR gena typing approach would have been to use only two primers, flanking the disruption site. This strategy would have been expected to yield a small band in the wild-type allele with a much larger band in the disrupted allele due to the inclusion of the nea gene. This approach was tried with several different primer sets, but it proved consistently impossible to amplify from exon 4 through the nea insertion. To circumvent this problem the multiplex PCR described here was developed. By simultaneously amplifying a segment in exon 4 of the wild type allele and a segment within the nea gene insertion with different primer pairs, we were able unambiguously to genotype these mice.
The LDL receptor knockout mice are now used in genetic studies and this has necessitated the development of efficient genotyping techniques. Standard genotyping techniques using Southern blot analysis, while accurate, are relatively slow and cumbersome especially when large 449 numbers of animals are studied.
Genotyping by Southern blot analysis may take up to one week to perform. As an improvement we present a multiplex polymerase chain reaction (PCR) technique that may be performed in a single working day providing for rapid, simple and accurate genotyping of these mice.
